Psychiatric disorder can occur in association with metabolic disease in three theoretically distinct, but in practice overlapping ways: (1) The association may be fortuitous. (2) The psychiatric symptoms may arise from the general experience or 'stress' of the disease. (3) They may be specifically related to biochemical changes in the central nervous system. In the last two cases, the incidence of psychiatric disorder in a series of patients will be greater than that of the general population, and the time-courses of metabolic and psychiatric symptoms will be related. In the third case the incidence of psychiatric symptoms will be greatel than in other diseases causing equivalent general disability and the type of psychiatric disorder will be specific to the metabolic disorder.
Although these distinctions are to some extent artificial, in interpreting an observed association between a metabolic disease and psychiatric symptoms it is necessary to study an unselected series of patients with a control series, paying attention to incidence, type and comparative time course of the psychiatric symptoms.
Psychiatric Disorder and Distucrbances ofCalcium Metabolism
The literature on psychiatric disorder associated with hypoparathyroidism has been exhaustively reviewed (Denko & Kaelbling 1962) . It consists mainly of reports of single cases selected for the association and the psychiatric aspects are often very poorly described. In 267 reports of idiopathic and surgical hypoparathyroidism the psychiatric disorder was unclassifiable in 54-5 %, an organic brain syndrome was seen in 365 %, mental subnormality in 7-1 % and functional psychosis in 1-9 %. The organic brain syndrome appears to be most reliably associated with larger or longer-standing deviations of serum calcium from normal, and this psychiatric disorder seems most likely to resolve on treatment of the metabolic disease.
In hyperparathyroidism it is generally agreed that a very high serum calcium causes a toxic delirium as part of the 'parathyroid crisis'. Four large unselected series (Bogdonoff et al. 1956 , Keynes 1961 , Dent 1962 , Karpati & Frame 1964 report 370 cases of hyperparathyroidism with only 3 cases of depressive illness but Karpati & Frame found 11 out of 33 cases with minor psychiatric symptoms.
In both hyper-and hypo-parathyroidism it therefore seems that organic brain syndromes are specifically related to wide deviations of serum calcium from normal but that other major psychiatric disorders are rare. A wide range of minor psychiatric symptoms occur. Dent (1962) and Davies & Friedman (1966) , however, reported a specific association between depressed mood and the lowering of serum calcium occurring after parathyroidectomy and it is this observation that has been further investigated.
The Investigation A study was made of 6 patients admitted to hospital for parathyroidectomy and 6 controls who were euthyroid patients with nonmalignant goitre admitted for thyroidectomy. All subjects were seen pre-operatively and on the fourth postoperative day. At the first interview a full psychiatric history was taken, and scores for orientation in time and place, memory and general information derived from a standard mental state examination. The Eysenck Personality Inventory, Terman-Merrill Vocabulary IQ Scale, Beck and Hamilton depression scales, Graham Kendall memory-for-design test and Walton-Black New Word Learning Test (NWLT) were administered. At the second interview the procedure was the same except for the omission of the history, Eysenck Personality Inventory and the IQ scale. In addition eight graphic rating scales were completed by the subject every evening except on the day of the operation. Each scale consisted of one of the following questions typed on a separate sheet:
(1) How troublesome to you has pain been?
(2) How troublesome to you has dryness of the mouth been?
(3) How troublesome to you has the tendency to feel sick been ? (4) How troublesome to you has tingling in any part of your body been ? (5) How have you felt in your spirits today? (6) How has your tendency to feel miserable been ? (7) How has your tendency to be tearful been? (8) How has your tendency to reproach or blame yourself for anything been?
Question 5 is referred to as the General Mood Scale. Under each question was a line of standard length with scale points indicated by appropriate words. The subject rates himself by marking with a cross on the line.
One pre-operative and at least two post-operative serum calcium estimations were obtained for cases, and the post-operative serum calcium in 4 controls. The operation records were inspected. 
Results
Cases did not differ significantly from controls in mean age or in scores on the Eysenck Personality Inventory or IQ scale. They appeared from the histories to have no greater predisposition to psychiatric illness and no higher incidence of preoperative symptoms; no case or control needed a blood transfusion or suffered any operative or anesthetic complication. There were no significant pre-operative differences or changes post-operatively on the Hamilton, Beck or Graham Kendall tests. Table 1 New Word Learning Test: mean scores Cases Controls Pre-operative 13 6-3 scores Post-operative 23-6 5-7 scores There were three significant results: (1) Serum calcium. This fell from above normal to below normal levels in all cases (see Fig 1) . In the 4 controls the post-operative estimations were within the normal range.
(2) Walton-Black New Word Learning Test (Table 1: higher scores indicate impaired performance, the upper limit of normal being 14). The cases have a higher mean pre-operative score than controls, but the difference is not significant. The increase in case score post-operatively to above the normal range and the post-operative case/control difference are both significant (P <0-05).
(3) The General Mood Graphic Rating Scale (question 5 above) shows a divergent trend in the means (Fig 1) and analysis of variance shows this to be significant (P <0-05).
Discussion
The small numbers involved must make conclusions tentative. Nevertheless premorbid differences between cases and controls, pre-operative symptoms, operative disturbances and postoperative symptoms cannot account for the observed differences. Post (1966) using a test similar to the New Word Learning Test in elderly depressives found abnormal scores only in severely depressed patients. It is therefore unlikely that the very slight mood change detected could have caused the change in NWLT scores.
It is most likely that the change in NWLT score is specifically related to the abnormal biochemical state, and this would fit in with the known occurrence of organic brain syndromes with greater or more prolonged abnormality of serum calcium. The mood change is likely to be secondary to this, and the study will be extended with the inclusion of scales to record changes in anxiety level.
Post F (1966) J. psychosont. Res. 10, 13 Dr Lyal Watson (Medical Uniit, University College Hospital, London)
Clinical Aspects of Hyperparathyroidism
The plasma calcium is one of the important constants of the body and it is normally maintained within a relatively narrow range despite large daily exchanges of calcium between the bones and the bloodstream and from intestine to bloodstream to kidney (see Dent 1956, Watson 1966) . The normal range for fasting plasma calcium in our laboratories is 9 0-10 3 mg/100 ml and quite small deviations from this narrow range may produce serious symptoms among which mental disorders are prominent. This communication is concerned with the clinical manifestations, and particularly with the psychological disorders, which occur in patients with prolonged hypercalcemia due to parathyroid tumours.
Hyperparathyroidism is not a rare disease. At University College Hospital in the last four years we have successfully diagnosed more than 100 patients with parathyroid tumours and have now treated over 200 such patients in all. Women are much more commonly affected than men and account for 143 of our first 200 cases. Renal calcification (either stones in the renal pelvis or nephrocalcinosis) occurs in about two-thirds of these patients while about one-third have the specific bone disease, osteitis fibrosa. However, there is a considerable overlap between the groups since many patients with bone disease also have nephrocalcinosis and a few with renal stones have (25-5 %) . It is the one physical sign of considerable diagnostic value in hypercalcemia.
Many patients with parathyroid tumours experience a feeling of well-being when the immediate post-operative period is over and we have attempted to assess improvement in mental symptoms at follow up 3-6 months after operation. Professor C E Dent and I have now recorded comments in 146 patients of whom 67 reported definite improvement. There were only 2 patients with psychiatric presentation in our first 100 cases with parathyroid tumours and 6 in the second 100. We suspect that this reflects an increasing awareness of the possibility of hypercalcemia in patients with mental illness and we think it likely that there are many more patients with undiagnosed hyperparathyroidism in psychiatric clinics.
